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Introduction CXCR3 is a chemokine G protein-coupled receptor (GPCR) with critical roles in cancer, autoimmunity, and transplant rejection. By directing T-cell recruitment to sites of inflammation, CXCR3 serves as both a driver of protective immune responses and a promoter of pathological processes, including tumour growth and metastasis. CXCR3 is activated by four endogenous chemokines (CXCL4, CXCL9, CXCL10, CXCL11), which differentially engage G protein-dependent and -independent pathways, giving rise to biased signalling. Two splicing variants, CXCR3A and CXCR3B, further diversify receptor function, displaying opposing effects on cell proliferation and disease progression. Despite growing interest in CXCR3 as a therapeutic target, major gaps remain: the signalling capacity of CXCR3B is poorly defined, and the mechanisms by which antagonists modulate biased signalling remain largely unexplored. Addressing these gaps is essential for advancing precision pharmacology, enabling the rational design of therapeutics that selectively target pathogenic signalling while preserving protective functions of CXCR3.                   						                Aims To systematically characterise the signalling profiles that attribute to diverse physiological responses of the two CXCR3 isoforms and assess their inhibition by monoclonal antibody (mAb) and small-molecule antagonists; highlighting differences in allosteric and orthosteric antagonism.  			        Methods HEK293T cells were transfected with BRET biosensors to quantify β-arrestin1/2 recruitment and G protein activation (Gαi0/a, Gαi1, Gαi2, Gαi3, Gαq) by CXCR3A and CXCR3B in response to CXCL4, CXCL9, CXCL10 and CXCL11. Antagonism was assessed using patented mAbs (MAB160, Hu37) and the small molecule AMG487.  Results and Discussion CXCR3 isoforms display ligand- and pathway-specific signalling bias. Both CXCR3A and CXCR3B are competent for G protein coupling, with strongest recruitment of Gαi3 and weaker engagement of Gαi1, Gαi2 and Gαo, contradicting earlier assumptions that CXCR3B lacks G protein activity. CXCL11 acted as a full agonist at both isoforms, whereas CXCL9 and CXCL10 showed weaker, selective responses; CXCL9 in particular failed to recruit β-arrestins at CXCR3B. These findings demonstrate that endogenous ligands are not redundant but instead drive distinct signalling outcomes, consistent with their differential disease associations. Antagonist profiling revealed mechanistic differences: the small molecule AMG487 broadly inhibited both β-arrestin and G protein pathways with highest potency, reflecting its orthosteric-like binding within the conserved transmembrane pocket. In contrast, monoclonal antibodies (Hu37, MAB160) showed weaker, more selective inhibition, sparing CXCL9 responses and displaying reduced potency at CXCR3B, likely due to its extended N-terminus. Together, these results refine the pharmacological landscape of CXCR3. They show that biased agonism, isoform-specific signalling, and antagonist mechanism collectively shape receptor activity, with broad inhibitors like AMG487 offering complete pathway suppression, while antibodies may enable more selective therapeutic modulation.
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